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(54) ¥«#sfet*5 ± zs^mtz&tm'&Tf \zznt> vmmjsm 

- (57) [Hft] 

GaAsltniCIlfeCln, (G 
a w A 1 , ) PT'ift£*l6fl^^^#0;S B B B £x 
NI^77K114 (0. 45 
<x<0. 50, OsSy^l ) b'&&mi 5tPm?7 

pw? y -y vm 1 6 wmmzmm zitz xmt . pm? 

7»/KJ|l 6<7)±K. MffiiOXSfUrGaP^&l 1 
£ . S^K&DIH^PM? 5 -y FS 1 6 (ciTf S J: 3 lz 

•t&JMt. GaAsfflgl 2»^l7f y/ii^ 

•y KJ1 1 A<T>mmb G a Pg<£ 1 1 1 9 £ 
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(d> 



(c) 



rn&n nisi n^mftmwLtizM&istLtim, 1 cox 
^< k fcjMftwwttnisfL. znmmmtoJLm. *> 

t < U £ cOScMMflPXKXtJfcll Lftlg 2 COX b ? * 
■v/KKSJBTIWESI 1 coxb?* ^-wKRJUifc— #W 

lulEHlwxe^df^^;^S»(0^3^{i. KflB^ 

] m 1 cO^f^^fcft^J^flccoMII, 
X°&f& § ftJtSI 1 cox b ? ^ vJVfSL&mvb -jT, M 
12^ 1 co#^tt»&co*&^£ffckfi-£-r & iot. flirfE 

JlJfk. 

*!«5r< k i>tf-W#W;&flX$*u iOSMIBtSllXBB, *> 
L < « Z 0Wmtoa&k£.lR& Ltim 2 cox b ? * ^ 
■wHR»TtJKJI* 1 cox If ^S^/H&KJIfc— fWfl 
tCj^3^»2tf>¥#ttfflKk, MIEmicO 

MfEmcOxb:?*i^/MfclJBfcL «ln, (G 
ai . y Al y ) ,.,P (0. 45<x<0. 50, OSy 

s i ) ?&ztL&{k&wm#M*-&** 

fffiESI2co^#:MRfi. GaP*»fe»|RS*l.. 

m»m3 ] us i co^#:sm±{^b-&^^*co^ H B H 

co^#:*fi?cofg?-^c t &&t& Xdiz. mmgkw 
mmt&mBiztLX&mztitim i co? 5 >y h« t . m 

1231 1 co i? 9 -y KJiO±£#(RS*ufciSttJik . wfEvS 
ttJlcoXtlMS ftfcSS 2 CO 7 7 <y HJi k , Bute 
US 1 <n¥m#&Rim£Ztit:m l <oxt^i/tA« 

ifflsMtHfiflniSfU ZOWlMMMXM. i>L<f±£cO 
«^MDXffi(^*L/i^2 coxh^^f ^/H&KJf T 
mm 1 c^b** i^/Pi£JM^lI*J^S*ufc*2 
iD^NWtMk , 

mm 1 co? 5 x f JicoiSffiw k mas 2 co^^as 
ammmizMft&ti. msiz®mizMmzimt2>mm 

k. 

BffiemicOXt°?dr^;Pfi£*Jl{±. ffljfcrU n x (G 
a w A 1,) i-jPT'^Sit. 

mism 1 co? ? v Fmeomzmii&iiz&w&m&itti. 

0. 4 5<x<0. 50. O^ySltl) 1 ). 
BUiSH2cO^«s»K«i:. GaP*»&»JSS*U 
15IESS2cOXb?^^/M&lJlf£, GaP£±j£#k 

-r & i k ^^k ■f&tm&m^m? . 
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[ft^S4 ] mmi cOXb-?^^-r;^*JlcO^P3S 
MI£m2c0^fr»KcO^IP5g^^jfi<K-ri.it 

zmwi k -t h mm 3 \,ztm<n*mwmem*. 

llt*JH5] ^lc0^^aM-ht^#*ie B B B §rxb°? 
-r^HlcoX^k. 

luiem 1 coxb?^s^;Pj£JIJlco*ffico^S^fcit/ 
g^Bf^&i^coXSk , 
HIE»2<0XSfc: i 9i5^feJ:t«&j&^S*ufcfir 
ESC 1 cox b ? 3f v-T /Kdy&ltf) Jbfc . ^<ti>frB 
*WJPX$il/c^ 2 CO^ttStRfc^TOJuXBD, t 
L < li £ cofc^B JnXBSfcJ&S L^2coxe?df^ 
/HAftV-niCflK 1 coxtr?* ^^r/i<rt6JMi(ctW-«, J: 

ptcttSL, fnamcoxh°?dfi^^ssk-tisw 

tcS^$«5JB3^)Xgk. 
£fi§;i S^*a4^#:S«coS^^. 
[ 6 ] JB 1 cO#^«s»RcOt&?^gCk S-^-T i 

0 iz. m&itzmRLxmm 1 co^£**^±t^ 

fi|ciSfi^xb*?df^^/P^§-frTxf f^isviVfSM 

mzB&t&mwJMk. 

«Ext^ ^-w^AScoiiHco^»fc it^a** 
l^*-ri>^2cOX@k. 

MExt^^^-v;WK^Ji<o±tc. ^<ktM-ffl* i ^ 
BiDX§ft*:^2<0^tt»5c£ dcoS^BMr®*^ 
IBxb°?df^A-;P^«^-r^J:o^KSt. MIBx 
e^4f-^;HS«JIk-*«t=S^S-fr4»3<0ISk 
«i S^*M^**KcoK5t^a o 

^^;^«$*Txb-?=af^^fig*JB€r^-ri»m 
lcox^k. 

l^*-ri>lg2cOXSk. 

H?iaxb 0 ?^-x^;^*JlcoXt. OrttKbbRWm 

v?*isvtu&%mk-imizmisz-£2>m3coxm 

k. 

mmi O¥3Effrg«c04«&:< k i,mHa5S-^*Lfv: 
f*. iWfta-f.|)^4coi^k. £d;L&ti*M£ffcg 
«co^*S. 

[|f^8] BtrlE^lcox@{±. KfiBxtr^^^-v/WS 
JIBco±£#/N'-JI£JE&£-fSXfS£-&^ 
MlS^2coxa(4. «flB^^'-«2rx >y^y?tTI^* 

i-sxs-cfc ^»^k^#mk-ri> a^js 6 * ^« 7 tie 

3Kco&*M^flMco$5it2r&. 
[W«5B9] fifB^2coX^±. WExe?*>Mr/WS 
*Ji<0«iBjWSrBi*-rsxS'C»SC:k^1«Sk-r*» 
*S 6 4 fctt 7 ^fB«co@«S^I*^Kcol8Ji^ra. 

1 0 ] * 1 co^^^xt-fb-^i^^coii 

B^^xb^drv-A'A^^-frTmico^^-y HSkn§14 
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Oxt*;y**W/Hi)yiJf£^j£ThS,X!Sk. 

Ox(C±ffi*^®;0DX$ft*m2O^tis»££, mflB 
♦=«HLT-*Wfe:«^$**XSfc. 

HtriBm i cr>*mftmitmm 2 r>*mmm.t 
mm 1 n^mfamfczmi; ixmm 1 <z>xtf 

fffiBas 1 OXK^^/i/jR^oajBflgk mrf2^2c7) 

^mfowfonmffim tzm* m&t «> xs k s 
iwmtm 1 1 3 mtm 1^77 nwi. -eois^sga 

tfmnem 1 tf^tt^^tTF-SgRk i d iz. 

mm 1 GaAsHM^. 

BUlBm®«4. ifflfifcrU n, (Ga,.,A l y ) ,.,Pti 
0. 45<x<0. 50, O^yglt*)*). 

* * v ■* >vmkm zmm-h T.mt. 
mm2<r>?vv vmnMzxrt-mzwm'&jLU 

1>flS;^-/f £(&SLTi!y!Bm2<9?^ y H«c7)^®S: 

ssais-tirsxai:. 

cbjdx ztitim 2 evmimwL& . H«iE±H^Huf em 2 

5 >y h*«tc«ff * J: a ^®SLT-ftWt=:^$* 
£Xgk. 

BUlEIH 1 i^ftSSO^ < k t HMgB£x -y 

9Hi*U:«L s«^-r«.X8k , 
x y^jc J: 9 1HES51 HW*«tt8**I 

Huiem 1 -y h'®^affikmifam2c7)^«sS^o 
WBfc:«ffiS:»l«-f--5XSk *«ift^#«t»3lHR^ 

[»^jii 3] irExe^4f^/ns«jn4 % mmi 



±Mm 1 n^ttmRnmzxmz&^xx. y+yrx 

izim<^mfom.m?cow&%m. 
im?m 1 4 3 t i>xwiJ t mmt\n:ztvrz'm 1 o 
¥&#fflgk. 

^«Sr < k t> ^-ffi^ffi Jnx $ ft . ; cvfflgffitoxwX'Wi 
K£ l ^«#*«[^MfatmffiJnxiS^-ft:Wt=S^ 

imsm 153m cotmftmfcttzm&ztitztt? 

loiem2cr)^#f*««0^$ix^ffiO^ B *fir*<. ft 
1 <^^«c»fi|<7)^$ix^BioSffl!l<0®<7)^A^fitk 

ti, mraEm2<7)xt' , ^Jf>'-v/W^JiT'ByfemiOxb- 

9*i/*ivj&&miz~w.mzm-&zttf-zm2 o)¥mw.m 

«k. Zffit^ 

mm 2 <n^mi^wsL<Dm^titzm<7ym^nmK m 

®m-xh& z k zmwLt^hmmwmwwfc. 
im^m 1 7 3 m n*mftmfc±.izBf&z nxm 1 <n 

xt^^i/^jSSSk. 

^- ; 5r<ki)>T-®^BinX$ix. CioS^ffljDXBt L 
< .1 ^^^BJPXM ioftJI L^m 2 ox tr ^ ^ ;P 
^SSflaiam 1 Oxh^^S/-v/^*®(c-*6D(3S 
££*lfc£20##ttfflg[k. *ffli, 

MtEm 1 fc mriam 2 o^^^ji , v ^ 

Mtem 1 <D^mwmL<mmcr>o *>x ( 1 1 1 > A®k 
din BmcD^-rtii^-^m^mzmmLfzmiz 

MLX. 

msm2cr,^i^mm<D^Mcoo %x ( 1 1 1 > Ait 

(111) BffiO^-fiX35)»flfe^flBfeWtaj3St^M* 

[it*s 1 8 3 mm. 1 <n*m.fawm±, GaAsH 

ffism.l<?>X.Vf*i' J r)V&Mm\±. m&ll n x (G 
a 1 _ y Al y ),_ x P(0. 4 5<x<0. 50. 
O^y^l ) T«$;h.*'fc£WmWWi£-&*. 
HUiEm20^^S«{i. GaPfr^jn. 
Htriem2c7)Xf^^r>-r;^^{i, GaP^±j£*tt 
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[H*3S 1 9 ] mess i Btnem 2 

ttfflKkii. **i •e*.*>*£iBfc** its ifc< ^rsi^is 

[M#jf 2 0 1 luiam 1 o2m**aa»i. ( 1 0 0 ) th 

j&»<s> ( 1 1 1 ) lWSSBttiyhG affi^fatCfSlOfa 

twEas2«oiNi*fflR{i. (100) m&*> (in) 
v^H-r^^p®*^^ 2 *» ->xm\ 

LfcaiB*^rr*ikt«afc^6iii* J Bi4~i 9<o 

1 oClBftw^S^^aWMHRSJB* bfcft^miB* 1 

(111) AlBfc (111) BB<0V vfifta*-***** 
^m^WR^^M^o-hT (111) ABfc (111) 

^xy-fx Ltzm i sb 2 co*mm®.*&^ ix 

[«*Jg2 6l 2tfc0^tt*m£^LT=S:&&*S! 
JS2 6EttWl»S^W««^Wt**. 



[M&1S2 8] HftJIk. *<0fft#fc»LTj83tettS:* 

< i a fcflBst^a**^ * - *««i:-r 4tt* 
^i>na^ 2 cT^mimwicommj: o t/hs < -ram* 

23-27 *)i,vf*ia» i otciaa^^s^**^^ 

[000 1] 

««HR&VC:tL*iSffltfclWMELED (Light Emit 
ting Diode) ^k"CO^*^k^nfecOMjt*&tM^ 
I.. 

[0002] 

[«3lw>atlf klWB^JIHfet J: a k-tSRHJ 

S„ ®1 8(±. mM<7)ttffil>z£& I nGaA 1 PTTS* 
LEDCO- ^J^t"o 

[0003] BH8twrfLED lOOJi. NlGaA 
sfflg8 2<0±C, «Bc»»«InGaAlPxK 
^^;W«ft«8 4, 8 5, 8 6;WIBft3*iTV*4. 

lat^^ v "7 r Ji**Rft hixh i k t> * & . 
[0 0 04] xtr?3->'-WMfc£Ji8 6?>_bffik^8 

mi^tix^z. mm^i^tix^^tiK 

8 9kXh^df^-v;U^il8 6 k<^rat. 
Kttiikfc^^ xK^^fyt^*18 4, 85, 
8 5X'foh. HS&MS 5cr>±.Tlzmf&.ZtlK*-V?*i' 

•? h7=7>v HJB84 , 86TS>^>. 
[0005] £<xfcOXK$Mr>'-W»'j££J18 4, 8 
5 , 8 6 ii . »30fe* WWBE^* •V' U TOW t iiftOfc 
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Mz. KdfA' v7ZWLmzmtx&mizM£<&gtf 

S>£. ifc, 8&%X.V?*i'*)VftM : <7)tztht<Zte, X 
h^^f S^W£*JIOf&^ifc#»t£8 2cDfg^5g8ti: 
S£-LT^I>.r,h3&*S£U^ 3-5&ft-£%T'£>& I 
nGaA 1 Pii. 3&J&frfc Uln, Ga, A 1 <D3 
mz-ktsfzito. aiit><v®j&tt$;MJzzbX^yF*?v 

[0006] muz. x.t'7*t*>*jisf$.Mm(7)m&£<x 

1 n, (Ga,.,A l y ) ,. X P l ) 

Asmmtm-mmnjim^L. x=o. sm&x* 
zmw-t&'ittfX'Z&. 

[00 0 7] mtli. ftft6 4 4 nmO^fBfcLED 
«ttJl8 5<Dfflj£Jt£x = 0. 5, y 
= 0. 04 3t:t. ?^ yh'J184,- 8 6«^x = 
0. 5, y = 0. 7fcr*-*UJJ:H. £*:.}fcg562n 
m<^fe^LED£f#&i§-£fc(i N vS14Ji8 5c7)ifflfig 
Jt£x = 0. 5, y = 0, 4 5 4t:L. ?5-yKJ18 
4, 8 6cr)jjij££x = 0. 5, y = l. OO.g0*>. I 
nAlPt-mifJ;V\ 

[00 0 8] JiLtt&BJ§L*:J: 3t, InGaAlPH 

[00 0 9] U&»U u^RI. GaAs^flRtCfiPl^ 

n G a A 1 PXf ^^fy+;«IItM LJtftO-SP 
**GaAs^tPRJR§^c7)T\ LEDtfMM&affiT 

LTIiG a PWhhtf^ G a P»Rii I n G 
aAl P^tt&^S^-^'hix^-^/vr^^xf^df^ 
■v;H&gj&*StU^ diOraSSr^'f-.S^C I nG 
aAl Pxt7^f y+^Slli: G a PSii: ^ >).x- 
>^S* (WaferBonding) ?l>Jj&&* 1 99 3^£fiPc7) 
USP5, 376, 5 8 0tcSHE$ivO>4. d^iigi 
text ? dp 5"-WMR*Jij&»4> G a A s 0 &fc # . 

«*>Ofc:GaPaf|RSraatS-frT« 
JBSSrU -Wifth^mX'hh. £tf>2rSft:«t9LE 
D <7>JSJgitflD#llft..g> #\ G a A s Lfcf&D 
xt'^=Jf^^;P^il^liv>^IX , 9ffi<'''*^fL< . * 

[ 0 0 1 0 ] i«C. ^ x -> ^Ti^BJ-fl. . 2 



•t &&izmmtt®iz «t *ffimffi&#ft&*i£ o". soi 

(Silicon on Insulater) <fc 3 tCP^SBtcS 

ii. 1 9 7 O^ttSS^ftm? 6 58 9 2-f-t!E®§it 
TV**. ?x-;\^te#<^;£^ilT^*:^T' 
^ x -> so-gmizm-? X— fls-ffrT* Z b 

[0011] HffltHiiafRf: LT 

r EJf^j **n r Sg fAj fcWfit&ftff^iiBfe 
Lfc. 0aj;cf£ . S i ^x-^|SI±^itiggf«{il 9 8 3 
^£BfSc7)#ffSjS 14 2 0 10 <ffc£ft 
tmft^x-^crfWMtmii 1 9 8 5^ffl«^)1*SWB2 
0 4 0 6 3 7*miZ§dm%ilX^$>. 

[0012] mmmtmn. mmzmmb Ltz2&e> 
a-ra*a»$*. *ntjmmxi§&-fti£?2> 

[0 0 13]EP*>. x ~rttiMz&cm>7l<tfclz J: >5 x - 
±*te»* o H«ra±j6«^WWg^fc: J: 0 B\ * 

->x-^\<7)s:>3-c*^{f, i<t*«iELT^Bff36*aaM- 

S„ ^oacpUi. 1 0 0°C?r±[H]^iag^i3^T)^7K 
^•SJE ( S i -OH : HO-S i— S i -O-Si + 
H 2 0) WiZZ 0 . KS^^LT^x-^[l|±^ 

Lg»si*#.b&*-> t v »< . $ h izimnztch b mm 
§\eut t ^ x ^fi-mtth . ^^j^#:<7)s*« 
[0014] mz. w$s&m*nmLXG& pwmzm 

m^tltz I nGaA 1 P^Xb^^f z/^lVtfL^mtffit 
^LEDOSit^crj-^JSrdi 9^#pSL^/i>ieHj 

[0015] ±~f . 019 ( a ) {C^-T J: d C> NIG 
aAsSS9 2^±«:Nl?7 7 h'®9 4. vS14jl9 
5, PS?7 7K19 6 5r^§« 1 119 

( b ) iZyjk-tX die. xt°^^fi/^;P^;*jI9 6<7)^a 
KTGaP36«9 1*ltt«N8arf4. $<i>t. Hi 9 

( c ) l;^tJ:9(:, fflS^x -y ^J-yytc b'lz J: D G a 
AsX«9 2£E&£U ±T$T3£lCtTNM^5-y 
94<^jbiiGaPIt9 l^T®tC«fiE9 9^^{tl. 

019 (d) tc^-Tidt. GaP5rS^91tL 
fcl nGaAlP^LEDmil^, 

[0016] zco£ o izmmmm±$:wmm£?&® 
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[0017] C xK*<ari"WH£JMi£>*ffitt'> 

[0019] IWtf*OTfc*MSBiM#**fc*> 
[0020] S&ES^ Wffl^flffltdKaBSHI^fcifeft 

[0021] mit:. mimtvmmv&zt" 
[0022] *w»*. immmz&frxtcztifz %><n 

[0023] 

[0024]HP*>, *Wflfc J:#i*r . 1 o¥«#ffi£ 

£ <o*MtiBlnxH±ciS* t fc* 2 ox tr? * >-wH£ 

S*ifclB2^mWMHRk. Srfii^^ BiitaSfSlOXb? 
* ;UjRjyi^)!!!«3R3Wi . ±E» 2 0¥»#* **> 

[0025] ±S» 1 oxb*** S^Hfc&JlO&PSfi 



[ 0 0 2 6 ] *fc. . » 1 OWfcS«i 

t^iitiiot, xieas i <n*mmm.<nm-im 

SfiftgSl oxb S^HfcKJIfc . iWr< *>JtB 
jWfflMniSfu ^^SMffiinXffi.. kL<l±::otelt 
ffiflDXBSX tciftft WrJB 2 OXb 
IBS! 1 ox b?3- ^-wHft^Jifc— *WCSf-^$ti3t^ 
2 0¥*f i: . £^ £fi*S¥«ttM£*^ $ 

[0027] JJE* 1 OXb?*i^;M£*«Ot£?5£ 

m 2 o¥«*SSc fc 3f* L/c«*S^ft««S& * 
tit. 

[00 28] ±^\<r>tmW&m$. GaAsK* 

(Ga,.,Al,) H P (0. 45<x<0. 50, 0 
I). 

[ o o 2 9 ] i*ur . » i o^*«« 

jwrr* t . xiess 1 o*«*«^oi§^ m. t 

^1(7)^77 KJ8k. i O^ H Jfo±lcJBS, 

Siifc«Stt»fc, iOvS1£»0±tm$ix^20^ 

xK*dfs/+;nft«Jlfc. ±®^®JnX3tts io± 
MffllTJJBx f ^ =5f ^ * ;Wfi£*if tcffitft^ 3 tifcSI 2 
O^I*»Mi: . ±SB» 1^77 KJiO«liii:xJe9f 

[0 030] ±IB^10^#:*«(i. GaAsHI 

(Ga,-yAl y ) j^PT^Sit. ±|2lgl0^7-/K 
JlwjJEfflJfiSfc*s»t*aj«ibti. 0- 4 5<x<0. 

5 0. Q^y^lX'fohtlSMX'foh. 

[0031] iM^mwmm^a^x . xtaxt^ 

[ 0 0 3 2 ] *W»CJ:iltt. * 1 0^«*»« 



(7)^2001-5744 1 ( P 2 0 0 1 - 5 7 4 4 1 A ) 



^j£JUf£?&ft-f££51?)XfIk. ilBxb^W 

;^*Ji^)*ffio^^t5 i tfsft £ Bk^-r h m 2 cox 
mt. zcom2 coxmizx o psmite x vmmmzz 

tLfcx. b? df S^-v iVfiMMcoHz , /Jwfir < k t frffi*^ 
MJOI $ tat* 2 <9^ffcg«£^ffijo:®#±iEx 

fit* * «^^«^<0«5fcfrJfeWi«S . 

[0033] ±IBm20XStJ: 0 . xtT^^-wHS 

*e o -ewe-* & c fc a . 

[ 0 0 3 4 ] i . iiitf, sg 1 <0#3«fcffl£ 

Of&^t&kSllrf&J:^ fflJftJt£gIiftLT±fB!il 

l ^*lti:r^M^jienyt;«*§ 
^Txt^^f^-v/^sii^ jg^rs^ i oust . ± 
ibx b* # is*ii>fmm<?&m<mmfit5 «t rxs* 

*lT&!g2c7)Xak. Xffixb^S^H&KJfoX 
fc. ^<t*>A-M* J ilBiJDX$^m20^«ca«[ 
Sr d O&itffiflDX® **±f fix b * 4f ^ ^ fcgft 
§ip izffiM. L . XIBx b? dp ^-wHfcft;! k — flsfity;: 

[00353 xt^^f ^;HS*«<0«^^RfcS5 1 co 

9 -Ik £#ifc:J:9. xf 

^x-^fc*2co^fl^k£J:95£5gW£i^3-fr 

[0036]*^, «fc*tff . 1 co^fam®. 

±fc#**tt*txt^^f^^^iSS$-ti:Txt^df^ 
*;H£*«£»j£t-&*10>XfIk, XIExf^df^^ 
A<jfe£«aS9fe>?@Mfe& J: tfft^S- Hs**- 2 ox 

miMSRtoLLZIXkM 2 <WfE#:*&£r £ Ol^ffijDX 

±Kx b-^Jr i'-f/UAJUfe — ttttfcjfr&S 3 co 
XM k . JJBS 1 <VNMfc»Ktf>iJ*fir < k i> Slffigp & |$ 

[0037] ±aeSfif4«0XSfctJ^"CS!M!ffli<0|Jfc:±iE 
J* 1 <WW*»R<%Kr< k fcfMSrH}*-*-**)-?. 
x b x N^fceW^MBSW* 1 x b * * v-r /PJ&R 
*<oa«3R* k BIH— k 3r 0 > JJBB 2 tftfMMHHE*) 

mmmzmkth. mzj:>o. *comconmco?m 
<?>x\ s <o izmmftmizrnitzm&m^mftm&.z * o 



[0038] ±f5^tM^»«c*«lOKJi^atJ3^ 

^S-T £ XST •* -? T t & v \ 
[0039] ±IBmi«0Xg(i, XlBxf?*^ 

■v/na*iB^)±tc^^<-Ji*»i&-^4xet**, ±ib 
ist** i fcswa* tv^ iiitct o » ±!extr^^r 

[0040] ttz. *muzj:tuz. 
tizit^^ftcDMZ^f^is^frf&m-exm 

1 5 -v F®i:vg14iltm20^ 7 «y H«*««l® 
Ltzmmtk Sr-i-tf x b ^ * /nftS* JB*"f 4XS 

±iBSS2<7)?5.y HS<7)±C^^'-SSr»«-rSX 
St, iO^^'-«$rx./^-^'tctl^*LT±IBII2 
<0^7-y h'SO«W£^aj$-££X;gfc . affi* J S5ai$ 
^uOI2«? 5 y W3<?>±.lZ±WiimmuXZtlti 
H2 0¥^*««?^ . XIB±®*'±IBJiiam 2 £7)7 ^ . y 
HJifcrSW* «k o tc««UT-#|c«k:«f^$-fr4XS 
t. ±IB^l<7)^#:^k±IBm2W#«#:S«i:0 

^SrTiasiaKT'^a^-rsxgk. xib^io^ 

^^ffll^^x.y^^^^frfl^ilB^l £7)^5 >y H 
«*«aj$-fr*XSfc, ±IBS1^7-y Hii^Si: 
±JE»2 W*«fHHR<^)KiSk:««&»jer«XS4: Sr 

[0041] XIBSfl 1^77 H JBJ± S -€-0«^®R*t 
XtBSiS 1 <0^«sS«c7)tg^ jgR fc mS^h Xolz^ ± 

[0042] JJB^*fBIS3^^«SBttrffitC*J . 
±8E» 1 ^^f*:»K{i> G a A s frt>jm*tl. ±IE 

ii. Kin, (G ai .,Al 7 ) i-zPX-mZtlhit-S 

wm#mx'$> *) . ±k» 1^77 HSc7)±iBffi^ 

tfcttSfflfigJtJi, 0. 45<x<0. 50, OSyg 

lX'h&twmx'hh. 

[ 0 0 4 3 ] $ «HS(c Mi . JK l 
IR-htC-fb^SmWtM^aft^xt ^ -r/U^$ -tX 

a Ltzmmfcz-tts x b^ ^+ /HfcR ^^-r ^ xa 

k> ±!B3S2<7)?7>y h*ilO±^^^'-«^^-r-SX 
Sk. ±IB^^'-S2rx.y^-^{2TI^*Lr±IB^2 

tiz com 2 co ? =y - y \i mco±.iz±w# s mwtoJL $ titzm 

2co*mW.Wfo* . ±!E±W**±ia±!BSIS2 O^ 7 -y H 

mizm-th x o izmm. Lx—#mzm-&z-±hiMt . 

item 1 <0¥IWHHR^'fir< k i>mmm^ vi->7 

izi vmtttzmzmtimtt&xmt . x -y ^-v^tc 
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[0044] ±Rxtf i"WHS;AJI«4, ±1BSS 1 ^ 
ESSl <o*3WM^WHi*ISC*JV^x h 

(±, ivf-y^^-^^sk tie, -tiaiS: 

$>hp (vv)*?v -rs ix^^M^*^-r * - k * 
*>i*jM-4. 

[004 5] #»Efc:J:*tf:r, fl^fri 

XWtfMffitox £ fx . <r OlftMHinXHTtufBx t° ^ 

(MHR*«!llft$*i.&. 
[004 6] aft^ffiSfcH-fc-** 

ffco±#*JJraw 4 £ k 4 . 

[0047] tMt. ^mmz xms., m 1 <n*mtm 

frffisPfcBBJOlSJU dOMMWDXffiT'BUlBXf^^f 

k. Ml*.. lifiE»l<0i|HW*MktmEJB2<0¥*ft 

wmt. ^ffitft^^^- itriessio¥##:* 

«0±®<00*>T' (111) ABffc (111) BIO^ 

tm#gm.<7)±n<vo%T (m) Ami: (in) 

[0049]iiT. 1 <W«kffi£k 15iES£2 

isuwssrf ft <fc 3 ix-ttfcs *> ^k - 

k#T-#6. 

[00 50] «ffif»l*>¥Wtt*«HU GaAs 
n x (Ga,-,Al y )i.,P(0. 4 5<x< 

o. so, o£y^i)Tmzti&tt.-&wm#Rz-& 

*>k-f iiktf-c #4. 

[005 1] WESf51<WWKHRl4, (10 

o ) ffi*^ (hi) iiiMmttttG *WitoisB 



*mfamu±. (ioo) m*t> < 1 1 1 ) v$ss-t& 

^-T4 itf) fc-f*tfi\ tB«Ufc^rfflH»*»^* • 
[0052] £Jts liifESS 1 «0«flft*fc ffilE3S2 

^«K* s n&Pi--C2bi. ; k#a* u\ 

[0053] *fSHCJ:*tfr. 1ifi*Lfcvvf*ia» 

i ^t,zim<vimm*mi¥mizmj&Lfzmzmmm 1 
4. 

[0054] — 3r. iixlf. 2facr ) ¥mV£gM. 

(111) Affik (111) BffitfHvfft.* 1 — -Hififeft 

m&\mi>fmi,zftLx . ft£WBWfa&»&$:**2tf> 

fiftM<?)iB^3*>t (111) A®k (111) 

k * WSk -T4^«S^#*»K<7)i?Jt^S*W$ix 

4. 

[0055] «»»fcJ:*UJr. ^tJ^i*:* 1 

co^#mmm&Lx%&mmm^famu<m&}} 

mTfo-oX . 13109$ 1 £>¥&fl£ffi«tf>±»> ^ ^buIE 

[0056]iit, HE»lXV»2<0^x— 'Mi, 
[ 0 0 5 7 ] 4fc. ^JHBCiilBr. 2^C0^*»« 

fiia^^^l!rfE2tfeW»^^--^^^&inEL. 
■effsi.. mti2ifon^wm£^<nm<F>nft*nis : 

x.^ vKKfctj v ^TJD^-fft i k i 0 mlB 2 tSc<0^« 

[0 0 58] ZZX\ mmi^-kh^tzmsi 2 ®.<&m 
[ 0 0 5 9 ] &iz, *WflfcJ:*Ur» IBtSk, -eo« 

1«l5*«±^fc^-i»B5fB^il^Ha* i ' 
1uia*«^®«J; 0 fc/hSV^ k 5r^k^4^*^ 
3t*-?*^*$fxft. 

[0060] J:*tfr. ^IJ^SreSC#L. 3fc 

[0061] ;;t« iuia*«{4, *<o±ffi«o3 fcom 
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[0 0 6 2] ttl. *milZ Mi. m&U^-ftti)* 

«fc 0 i> >h£ < f &X!§£ $ h izffittz hcr>b~thZbifi 

[ 0 0 6 3 ] ifc. *JMB(cj:*itf, «4U:VvfH4» 
co«#M#««^«^i8Jt^r^tci3v^ . Mess 1 <o* 
#«ss«fciinem 2 o^«s^co^ < 1 v ^-r *u>> 
og^-r^^atstc»^ Ltzmzm^h z t t,zx 

[0064] zzx\ miittz^^Tixvmilzte^x 
iz. &2<n^WWz<r>m&^z'm2<7)tt-?*i'-r)V& 

fkm*®MLXi5% . £<7)Sg20Xt?df>^r;Wrejg 
[0065] 

[0066] (sis 1 <nmm<7)Bm) t-r. *mkom 1 

fcl^&Saffl^mMKHR* InGaAlPlLEDC 

mmLtz&Bx$>&. 

[oo67]ii(i ^mmmm<r> I n G a A l P^L 
e d £ ^-r^Bf mmxh h . Piia t^-r ledki 

*SttS 15L itftfSttJI 1 5 Sr^E$*T«IWBlfiS 
tlfcNM^-y FJ114, PM?7 -y FJf 1 6t^SS 

aPISllh, NI?7 7 YM\ 4CD±Mii:GaP 
ffig 1 1 OTBfc-WiWWSSftfcM 1 9 fc , £<i 

[0 0 68] »J1#: 10(2. iSL^V^GaAsSU 
J&KJlSISh LT*fc£«»^flctf>aUfc£xK*df S^A- 

Slid pmfy-vvmi 6t<7)m-&m££ffib-?& 
t. zozmummtocLZti. mmfti o^^mmm 
jitzB&ztLtzz txmMt,zxm.msmm^tix^^ 

[0 0 69] m&mi 5&J:XS2lc07y-v KJf 1 4, 
1 6lilvmfcWiSLfc*iiat5£l ) xmh-fzttfx 

mm-miz. zmiimtzmtRtzzttzji 
vmzmwtX'ismmmi.bt& : ?&&ztix^?><?)X'. & 

1 lOSJltisl O^O^HS-^*^Tigi:^-oTV^„ 
[00 7 0] *mffimtZi5\,\X . GaPiSllll 

prnx-mmt^j mz&2 soumxhK) . ps> 

?77^116li0. 6/xmi7)if$$:^rL. ^fflfiSit 
{2Mf*<joi ) 5S£fflWCi|-?-£x = 0. 5, y=l. 0 
Vgtt^l 5(2. IPSO. 6/*mT'ifflj£Jt 



#x = 0. 5, y = 0. 28Xhh. NI^7 
•y KJI 1 4 (2. If $ 0 . 6 junTfe 0 , ^0*gjSJt(2. 
x = 0. 5, y= 1 . OT'^, 
[0071 ] ZCOX 0 IC. *HifI«LED 1 (2. 

LEDltf)fS3fc1*tt£»«Lfci:£>£K Hl8tciRLfc 
fi!*cOGaAsSr£Kh-ri>LED 1 0 0 <7) 2 «J3Lh<0 

$ $r^-f h Z b tfmzztitz . 

[0072] (*2£>9!Jfc*»BJ!K) &(C. *SMH<0»2 

m^mmnz^xmm^mnL^^mmth . m~Ro 

I^Ba(ctJV^T(2. I nGaA 1 P^LEDCOlBttoiffi 

e d i nmrnimemimw ><^^it. 

[0073] (IK1 OXftffl ) £ -T . *9tm&Mi*&1& 

mm¥mikmfccr>mm.jTmcom 1 <rmmiz*o^xm2 
$-xtr^x-^\^a:^^f *<tfc.- x^i-At# 

[00741 12 (a)-(d) II *H*feM<7)Kjt^ 

(2. mintTzmzLizgmbtc^x^h. 

[ 0 0 7 5 ] H2 ( a ) \,Z^fX 0 lt^S«{Cttf 
SXtf^x-^Ntti. NIGaAsiSl2±CA 7 7 
rll8, NM? 77K114, Sttil 1 5 , PS? 7 
•y K116, &J:tfeiB*A-J| 1 7*i)i»:mji$tiT 
iii4»CDXh°?^r^-r;P^S(2. ^ 
ilfMOCVD (Metal Organic Chemical Vapor Depos 

ition) atiomms. 

[00 76] NlGaAsitl 2(2. ^ XaWag2 

■0"*-, m2 25 0umx$>*). T-mmbLxsivm 

1 E 1 8/cm3c0df V TmmX K-r $itTfc 0 , $ 
L> (C-?"C7)±n(iJifflft±(f 4: T V i£ . v n' >y 7 r -Ji 
1 8(2GaAsT\ ff§(20. 5jLtmtfc|.. gll<7) 
*H^^'-S17(2. GaAsT«§^l, *<7)W-%li 
0. lAimt^. 

[0077] Xt-^x-;N£#®^xffJT»L 

fca, ^»itT-es®!8 . jg^bks* i , * i <r>w&m 

(zxtr^x-yNSrJSaLTx-y^-vXSrtTW H2 
( b ) t^-Ti a C Siffitf A-Jf i 7 2r|^*L^. i 
<7)m&ffl,i , GaAs^ n'-® Sr fflJWKl >y f - > 
I) t>£7)T\ iSC#T^M^^'-Ji 1 7 tm&ZtllzZ b ifi 
WmX'^tztiK l4HB«»S-«»tTP^9-y KSl 60 

[0078] »:v^T\ 3lffi;$A-Jf i 7 *H?*Ufcxt 
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[0 0 79] It&$*«!&3ikLT. GaPitll 
HsifeUfc 1 !*. GaPlfl 1 fcfflWCl/tlMUW***) 

[00801 fcfc. m?!»S:^i^ xt ^ i - ysSrXt 

GaPSSl IS. MB^TlSj^^SidCSfflt. 

G a Pli^tT* 6 
BflKcTfWT**. GaPitll^Wx-At 
®fi-T 6 k . x ->NjWEifi«'eOJBtt£ i firr J: o 
r^tl^l.^, GaPlIl i*>+**tf*»fc* 

S^l lCDjU32gB / M6]-5 TJEE#9. l^JWfcGaPi 
«1 l^ia^ffilR t )^Sr^^T^a* i ^«t^. R 

[0081] mmmmcomxmb lx . sarcwtt 
ftitMiw i«narc, wmm**mz i o%*tf 

5 iCOV vt it , Sift*: 0^77? #A -5 •) bfc <o 
^r«»i. GaAsifflittixWi-AkGaP 

^zimitmLx^mco^mtmm<mmm 
mtf'ba <%htc*b. 4 o o^c^stiiiwe; 

[00 82] WZ. 02 (d) toK^i^tC. Xt->i 
-A»GaAsiK12*iiU. ^GaAsM 

1 2C0|^*Xg{x. WMWctT^-TkJilMk** 
*^a-&«t=«»t. GaAsWl:X7f>^ 

iikcioaa^. ^x^t^woGaAs 



[0083]«ftfc. GaPWKllkNH^^^Kl 
1 4 £«& 1 9 H 1 E D 1 

[0084] KLh. InGaAlPXlfW^A** 

w»i<«attPit«ffltfc. fit. *A-JHi*i*Lt. 

[0085] *saw»=*N v c**« ssaan - * ? 7 >/ 
[0086] *ii«<^ffi^-r 4 7/Hfc*tffttt. 

x&Lfcl nGaAlP^x^Jf^MSikGa 

[0087] (^2<^mmm) <w=* 

•ft. #*3fWtt* xe>>x-A«R9W:S^ 
fc I n G a A 1 PmmWSrF&k&9&t*> - k t 
J: 0 , ffi^g#XSOSS^*^^k^l»raSSIB 

^jsaj k «h— * . *mmmzn ^xi>mi 
-tled i <r^-m^mmLfzmmt Lxm2m 

[0088] ±3* LfcS5 1 WSatWT-tt. WSeO^fW* 
1. 8Mm«I nGaAl PlxW^f^^IIS: 
^-f|,xt°'>i-^ N >k. JP$2 5 Ojt/mCOGaPg&i: 

{±1 l/im~18wm*D ifih^tztK SiB***** 

[00*89] i*UC«Lts InGaAIPJlW* 

k *§3 5 0/xm£OGaPii^fflU, H«W>E 
It^x-Ali fflRk#xt:^^^ 

^;UBS;^Jl^a^S^ 1 W^St^J k M — U , ff§{x. 
VS14B1 5hA'77T-il8fc*A'-ll 7iCOV^t 
teft-tzlfi. KM? 7 ••/ b'« l 4 k PM7 y v Hfl 1 6 

{i-e-ft-efii. 5Mmk*< ioe*. xt 

^ x _M<7)K0{i2 4~3 6/xmk. t5SI nGaAl 
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[0090] Zcr>igr£. xb?x-yN<7)*i*illisSf4MS 
X'®mLtzl)\ £B5tf)**tt , C* : fira^fc. ZZX\ x 

B(4, xWi-z^KO^ii^kl:. $^>(c. G 
a P*«j&*ff<3SBU:< k £ J; 0 . SSflHtttf 
x -^cos 0 fcSCETS * < $r o fcjStefc hZk 

[0091] 2|^Jfe01JcO!Wf^!(4. I n G a A 1 PjRWR 

x-^NiO^OSr^^-rCttfcS. lnGaAlPSfl 
$N4. I n P , GaP, A 1 P0)MbbX'$> ft . — 

<^«01 nGaA 1 PHflfcOWC. 1 ) aSOfflJ&tfc 
x, yt, ^^.^xfcilXy^ioJ^L^I nP, Ga 
P, A l Pcoffi&ltk. ZcDffi&Likt>*^#-VM£K> 

^^CCO^T{iGaAstfDt&?^C0. 565 
3 3nmfc^Jt£^b-£T^Lrt:. RE*. ##1. 
2 , 3(4. ttJSi-ftfflj£Jt*>&#ft J: 0 fc-Hx-Wx 1 n 
P . A 1 P , G a Pmfa&mitTh 9 , t&i^Ri: 

[0092] *%^{C^«««M^fi^<0HtfMr 

4 . «*«>ftWCf»!li L*t£fcO#fe LEDtifeL 
EDOiffl^(4#-§-6~9<7)fli{^LTV^. 6£*<0#£ 
fc«feLEDfcOtvttt % »,vf*u7)f&^5glSckGaAs 

ft. 

[0093] ft*, xb^df i^;M£j|Jic7>i§^5gg& 
(4. xh°^#^A'^*S:fi : d«^i>v^T»KOl§^ 
jaRfc^ia-CSE^jWR^T^fc. £ix(4. j&HtfrOfg 
^M^Sr^ Li5B D n MOxb?^A'>'Uj£j|JI£f#ft,r 

[0094] ^yftM^ifftu. aa»is«*s®w*Jt 

9T'&ft. ... • - 

[0 0 9 5]I3tfcV^. ffl0-19!7)i(:li. 

iaT^Wi'tiiihfcxe^i-A (##5 > 



$:7C^^ 7 <y FJf<0 I nifflj£x£^LT^o*:*§-S-<7) 
^5£!&<?)^L£7KLTOft. x#0. 4 7I1&f^! 
(4GaAs fclSlbt^O. 0. 4 7£TBfti:. f&^5£ 
m±mzG*As£*)i>>h%<%*). ^SSUxb^x 

U x = 0. 4 7^0(46 — 1 2jumi:>'iN§<^0. 
M?ST£7)^M?&«^-nrtgT'J)o^. x = 0. 4 8 4*: (4 
x = 0. 4 9T't^ffi«f Tl^GaPiS^o^;. 
x £ 0 . 4 5 CrT ft k f&£:*cr>fe?Jm£tf±Z < =5: 
9. i& H H H :X:Pfi#*tf;i*:. xco<l^itS®ffl(4. xb^^f 
^■Y/HftjUBOffS^ ^*-Ti.GaPS«coJP§^i, 

nms&Zm i i:C:J:9A> K ^ >y T*^# < * ft 

M^£f3J;b^xWN}^7)|%Wh 3: *HJfefi?( 
{4. InGaAlP^lWi'tMIltGaP') 

x-^bomimmizmb-?. $iwx.-s\imi l zmm 

[0096] m3cr>mmm) mz. *mnznrti>i>m 
mm^mi^m^.^m^mcom 3 commiz^ ^xmrn 

x-'^cvfm^izx&mm^mmzwm-t&jjmz 

fFth<r>x°$>h» 

[ 0 0 9 7 ] mm Lfcss 1 <osot0rcj4, sfe^aaaKS: 
4 0 or* T-Ttf ft c k izx ^mmmmmizx hm 

i^-ts SWBlJBKSrTtffti:. S»WHTtf>liFPtf> 
^»i:SiE?iJ*^+^i:^ft^. ^*^^(c^ft 
Jo^ix^ft. ^MM4«*S#^*»«iDi?jt^ 
SrLEDRjaCiBfflf ft SCOT'S) ft 7t46. S^Jg^L 

«SS£5fc-ti-ft i ^rt^iift . m 1 tfDSUtWCIi, 
^SftKfcWUTJ44 0 0XZ(m9!mX'l>*¥fflt,Zfrfr& 

MSfSMCtWWthimhlZ^ — 5gmSE2 0mmA£JI(I;frfa 
t8KL./Si:#^)«EVF*«SLfe. i«R % ®6i^n 
httffi&tt&'tf-feftfc. 04c7)x-7^-y^'ffc J hji 
S-^'JfflLT. ?77b'li:iii«:GaAs3y^ 

7 hmzmitz. micommmoLEDno-h. soo 

•CT'«^«!fii$:L3ti>0<7)VF{4 ;s F^2. 0V. ft^ 
2. 1 VT. t^HcOLED£7)VFi:|5ltT'fc-5^„ d^x 

fc^LT4 0 oxrcmmmmt: uledwf«. 
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¥-m& 2 . 1 VX'fflg&X'fo h <7ttztt t , Scktf 3^2 

[0098] «OfcM^)i»S¥»^«^Wfi^* 

04 04 (a) ltt«»W0 

g^j-^tcJE^Sxt'^x— REHCTirfxtr 
^x-^Ji> GaAsA 7 7r-138tGaAsM 

3 2 <0BlfcX -y * >7W±m 3 3 UfcjStfH 2 

( a ) eRti^i-AkJK: 0 . 

mcOI nAIPtW. 1 1> 

[00 991 . 04 ( a ) — ( c ) tajr**.* 3 fc. 

[oioo] mz. mmz-t&mzG a.Asgm.3 2 
*mztz>° zcD^^mmm^mtchh. 124 
( C ) tz^iwaMmm^ry^rbrnm^**- 

U GaAB«3 2tX7fy/fcJ: 
OttOlfeVVfc. dcOX-y^TlSlil nA 1 P£X-y^- 

y^L&v^'C, x-yf-^tMi, 04 (d) t^TK-fi; 
[0 101] GaAsfflK3 2*K0IfcWfctk 

ns^i t mmizmmz Ltz . MSiajsti^ 1 o^js^j 

-Cfflv->/i20(7)ia^-5'fes ajV^O8 0 0*CkLfc. 
[0102] H4 ( e ) fcStiiC. I*» 

ft U y^t jg^'fbK^TKb^il-^MTx-y^v^ 
J tig3 3tx^>'^fcJ:0»s*t. KBlki&It 

•f^fg* fc *wa*«rc^ * 7 r -m 3 8 Sr-gRS 

CNi;7 7Hl 3 4 WjJlW^y 7TiSSUi* 
k Ga P*«t3 1 0>TlBfcMS3 9 fcRttt , 04 

(f ) (cjj%rLED2*»fe. SLfc^^Till ^ 
y ? ? b Jg£>ffc»l . 

[0103] 80 0U«i5:t^ fc . » 1 
■Ct± 5 ffi* 3 «<0««#sW»li t , #SB«MTtt 

5lt^*f^ 7 -y 9 fc*4»ii**»-'fc. 

[0104] SSWSl^-r 4«t=x i-^GaAs 

»K3 2 * i&*-r-£> i k x\ mmiz* h^mw<m 
®mz xt- *7x->wfmfflmt g a p»&3 1 

fc^ttGaAsMK3 2-CflWES*t*^. xt ^* 
-A<Ofi«MlililJGaAsl:¥Lt\ GaA 



^^^^^jvm&mmmzK^x^h. cwztit. 

xK ^ x -/\*»feGaAsMR3 2*»*-r<ll^ xt ° 
IBBfifiRk^rO. GaPfflS3 1 (Cifi<**. i<* 

^i^J5?I«* s G aP!S3 1 ICifr** , awo-a**) 

[010514*:. #30|^-diXv*y^tMJi3 3 
fcfijffl tt , KM? 9 -v 3 4 tfWHtfclJL* 
V^^;U. I nGaAl P*tm*»ift"? 

[0106] 3WtmB±<OffiH»KB8L"C«- 

^280167 2-*t, iSiatmjBa^ i,tzmz--%<n 

Sr^fe-rt^T. ^llSftWoidrxb^x-^^^ 
[0107] aMBflfc^iSaBHHRWWttfirJ&C' 

0 0—3 0 0 o cmT^(£V">fflKT'trd ZkifiSLt 

[0108] {%3><F>%£&.<rfiffl&) *%aflom3 

[ 0 1 0 9 ] 05fi. :t33eB»fc* i *»**««>***' 

[0110] -r^:^. ^ttffiSJi. a«ti. 05 
( a ) te«*Lfc J: o ifirflUSA^ v 
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[0111] *LT. tfcfcli. H5 (b) (c«S5UfcJ: 
d^J: ^-f v^-y h I G*^A7^ x$^^ 
X-/M11. 1 1 2<DSI® 1 1 1 A, 112A£-Hl 

e^S'-rA'JKriffcJMtU Slffil 1 1- 

At 1 1 2Afc#to&£3fflSC#m3-£TS»LT^ 

[0112] zzx\ %m#m<7)££uzmLxi±. ^y 
3^ (si) m&mtb. it-smnm^z'temmtfh 

4. -T^+>. i^'Jrjy (Si) R±T(i, SaWfc^x 
-'>OlSft:*rffit::HI*>4>'f. tfctlB^-vyrSMtefc 

«sas*t«3i4L*v^ «*«r, ( i o o ) Bote ( 1 1 

l)®£}f*LTk. (100)W±Wi-aJ5 
WC4 5*B«3-£T#fflffi*itt:firl»*. 
[0 113] dfLtWLT-fh-^I. fttCLEDffl^j-ys 

mzz&irtTmm'r&ijmw. *bh»» (usp) m 5. 

661,316#TSBKS*tT^4. 

[0114] »««o*sa# 

rglj BffC flfcfro^x-^co rgj assart-ait 

[0115] -rsr*>*>. *mw&mizti\,\xte. 05 

( c ) izmttzioiz^ ^i-ai i i <7)^hi i i b 
fc^xWM 1 2cr>mffil 1 2Ah* { ffiJ#-^9[6l§t*f 

WK&lnJ&ftttmizi&ffiX'* &zt £ j|v vt' Lfc . 
[0116] , Wffi^SfllJtSrW^III-VSHl: 

&a&mt**mzwf*t. ms (*) izmttiXo 
C [ioo] :friaitefl6*s^JW6JW y^hia 
fctt. *e>j££«ifc:*tLT«#l,T (111) AM#SI 
fi&^ftj:. (ill) BWjm^s^ri6jt*sflq£-r 

4. £IT, (111) Afflti. III|Bg*# 

fiWfcitt^feifai&jR^iirc* o , (ill) bb(4, 

[0 117] ZLX. i<0«td=fir*»A-f h*^ 
(111) ABBfc:J5fSoft«*fc-oT«ttfeS-rtlt:A5 
4*LT»£;h/£¥3W*!»Kl 11.11 2<7)HffiJi. 

(hi) Amn®mmmz$&iimmi ha. i 



11, 1 1 2<7)g®l 1 1 B s 1 12B(1 (111) 

Bfficrm&tf&mzsktiz>nb%& . 

[0118] ^AS-iSftTX^-f V^bt9>& 

—*£ ( i o o ) mi (in) mu^zmni. tz 

LtzXoiz. (in) mizi^mmm*). -^±mm 
mumcoGaxmhti. Wjitm<o^pxmhtih . 

LT (ill) ®#SiiBfc:$:*> «t o lafeSJIS-JniLT 

[0119] 05*>%6\ flRtf . #l®ffl!# (Ill) 
UimWlzMK J: o izz. 5 £ S®J3 ( 1 1 
1 ) VKiSfc:«< . 15 (c) ic*LfcJ: 

21fc0^ttS«tOSlffifcKBffi: Zmm-t&Z t(i. 

(Ill) III^StcMv^ffii: (111) vaofifcHg^ 

[0120] (100)1* (111) III&BCrfgtf 
fciHUU ( 1 0 0 ) Mb (111) W^'ilffiU I USE 
BFF^JWtfKv*. (111) V^®(c<iv^o:®{±V 

^v^y . «Mffitit^jg^^-c fc^'T- 

[0121] IBIM-S^fMIWMeRiOtm^lBI- 
[0122] ^&fmo¥«^E|RR±*8N| 

nmizittzuimm7^vmffi?co&mi>m%&®&}< 
fo&frL>X'hh« 

[ 0 1 2 3 ] 4fc, »*tt*»as^s*-i*i (mtr. G 

aAs^GaPfc±5ft4<l 1 l>^"f6]) OMM^ 
(i. a®l§I±5:«^^-ltTty>^y vyitVYcrM 

[0124] *««#^)ttW<?«t*fc:J:Wi, a 

M<o««ft*»/hsv^*^. mtiftmnwomn ( 1 o 
o) : j*x hm£$mizG-t&mw&i&g-t&i§&x' 

it. (ioo) mizmwi>mfii>mmmzmmt%i 
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x. ( i o o ) Bii, uimmTfrvtm^co— wfimm. 
wz&x , flosrti i /4&=f-ftmmmzh& tmmz 
tih. ^coma. w&rtimtzts^xii. 

cWko&W&lzk*)^ ( 1 00) =J^xvmxij. * 

#y KogSc^iKi: < , ^Bffitfi^l^'J^ < 
k;f;l£>i"U>. 

[0125] $mmmn. m&hJ >*>v vfrhx? 

[0 1 26] 0612. 2O0l«^y^7h*^X7 

h&. m±a. mm (a) tzmLtzXoiz, cioo] 

■frftlZ&^kl.tzGaPimikJ y^-y^(lll)* 

[SitcfflM^^^-^ry^^W-r^^*^! iSr 

1 lii. (Ill) ABOJ& 

^&^<^n.-g.a®i i At H (ill) 

3£<*t*l&SBl lBJ:*ft4. WKC H6 (b) 
fcSLfcJ: 0iZ^ GaAs-f yrf-y h*^*77^$:ft 
ttTX7^XL*¥«ttS8U2i. (11DABW 
(R4h6*3l<»h.S*ffil 2 At, (111) BIO^ 

[0 12 7] in<?>2tt<0»R*SaM-4llit=ti. SB 
1 lBtSffll 2At£«*-r&. «B1 1 A 

tmmi 2Bk&w&-i-&. zcoxoizigmtrnffitz 

A^^jyff&k^k u ^'JV^mfi 
>f yzf-y h<omtt\ivt%b-hffl&S>i'Zm-2>\(n%t l z£ 

*f&&t&te£.. ma&0M£ktj<iLZ-j£t l z-t&. fto 
r, JMr-M >ztv hX'Jb-oXi>. %<r> ( 1 1 1 ) ah 
fti^ti (in) Bffl<7)^rfir{±, jfcS^rfliCJtLT— 

?tix vAx* tvtz^m\mwL<r>\ vrtuzwx t . a 

ttftteifiv^fH* r ^J BkU R*fG0l<OBSr r ^J Bk 

mmtx. Bk r sj mt^^-rtam^. 

[0129] HRtcTlJJRSii'CV^I.'ft^WNW^^x 
(Ill) ABk BB k SrKSiJ-r^. a 
WX\ rjf y*r~/9X • 75 vh OF) j &k'kfa$;fx 

[0 13 0] S^5-fy^7^a5^xU>: 
tiOfrdikt-C**. -T^*>. GaAs^GaP^x- 



nmmt'SffiX'ii. m.*^(v%faif5.wzm&fr%>. £ 

1 ) ABk (111) BffiW^rffitWJCLTfflS'^S. 

coSlBHik KBGOlk £ ksw* £ k & . 

[0131] 2&0¥3Stt*Bi03IBklSBk £fg*-f 
&k. ^«$tLfc®|pl±0)il^^(6]liSv>t;13cL, 
^£ft£BkR*f{l!ltf)BI§I±. •$-£:*>•«=> 2 fttf^x- 
'vPlfttttzJ: 0 1 mz-%~>tzM\tt*7 x.-^<r>-~-%0M 
k IfcfivMcoMxy'ljMi'E^lzW&t & . 

[0132] :*30»KBtoiW*«k LT3S4~S& 

[0133] (*4o£ifc0i> ft , »4<0»tMk t 
■WW*. 

[0 1 34] HStCfitfci'SC [100] ^fafcl&ft 
S-£fcGaP*IMM y^'ybK. (Ill) 2n*it 1 
SJgffiM^-frTGaP^x-^l 1 1, 112*flJ l 5fflU 
fc. AIOlBL^x-Al 1 1 , 1 1 22r-ea-fil2o 
IC^-tt, -fi{±H5 (b) fc*Lfc±3teVvfftt>±ffi 

(«®) niA, 1 1 2AzmmLxmm%B&L. 

flfi<0-«J4H5 (c) t*L^J:^fc. ")i-Mll 
OTffi (Sffi) lllBt, ^x-^M 1 20±M (* 
B) 1 1 2 ASrMBSBMLfc. «1BS:W»Ufc^xWN 
(±. BMBS* 4 (111) GatB^T[6Jt-, JHaSWtfLfe'f 
x-vsti: (ill) Plfi*-|S|t:«v^v^ft. 

[0135] z.<r)2m.<r>*? i-^^fflu s ftffira± 

[0136] s»o^-&{4. mzmm-hfjmt^tx 
$mmz8o oxixftiti. Gapcommwizit* 

ttx.— JMiMmizWte£&l?XWgiB&T2 5 OjLtm 
□0**Sfc4*J:i^-7^-f^y^ttTV\ I-V 

^BOffifii^^46/c. 

[0 137]H7fi, ^ffico^A-'JTilUKk^Bffifit 

t^w«5r*-r^77Hf hh. nmiz&x^x. mm 

SrJ£*Lfc ^BP1±^* (MA) 

*«t«< , U TmBUfi2 X 1 0 i s c m- 3 S« 
4T±»-r * k , ^BffiSt^HSWt-tfn^i-S £ k 

[0138] *tj. y 7«Kk#IBffiffik<o|!8ffi 
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mmzmm-nui. xtw&<T*>#H&tn;£W£ 

ZbtfX'th. 

[oi3 9] mswmsm) <xtz. mseommtt 

[0140] (Ill) GaffiXftlZ 1 5&M®Z 

^cGaAs^x-y> 1 2S:fflIL. ^(0±izM2 ( a ) £ 
^UJ:^:, InGaAlPjt^&SLEDlgjll 8~1 7 £x 
t^dfv^;p^L^. dOiofcLT#^il7t47t:x 
Vf^i/^JV- ^^-)\(TMmm (pS?7y HBl 6 
(T>mm) (i. »«i:|Hl^ (111) GaM^fafc 1 5m 

[014 1]^:, GaP^x-AiUU, (11 
1 ) Ga®^(6](Cl 5JgffiM$-fr^2*!cc7)GaP'> J :-yN$r 

[0142] L*>Sf£fc. 02(c) te«LjfcJ: d tc % 
GaP-7 x-;v9i9f®mSr ^77^116 lc*g* L*:. 

[0 143] S&fc:, H2 ( d) (C*LfeJ:3£GateS 
«12Srl&*U »6;h*LED0>»fWjE£H*yfc. 

[0144] -^<5D^.- GaP^x-^ 1 1 OjgJtffi^GaA 
sg&l 2t|S|t< (111) Ga®tc:MffLJtLEDi7)2 0 
mA5M:^Ol!j^mffli4. 5VT'S>o/i„ ZthlZftL 

*mtmmizm-oXGaP*;3i—/\i lotfB^ 
(ill) pm<<zimLtzLEi)cr>20mmm&fComftmj± 
H2vt msizi&T t . m i>i)HzRwf&mm'j? Ltzz 

[0145] (m6<7)mmm) mz. m6<7>mmmtL 

X. ( 1 0 0 ) v-v^h^M^iaSTW-f&^x-MlSI 

[0146] &-f , GaP^m^B-f h*»4> (10 

0) ^>Xhcoa®*{aS-t>-o^x-v\$-^0£BL. -f 

it ^co «> x -> n^mh^ & <, mmmmzmmz jnx 

U 0. 2xtmC0iIlfT'^-\'UTigJKl xiO'Scm 
- 3 ^GaP;i$-^?)ME±{:xt 0 ?*i^/H£J|L 

KWffiKUfctftfi. l!7(dHLTii>fi£L*:J:3fc. 

<rwmif±% < . itm s ®M>%tz#>x'h & . 

[0 147] C^i^cLTxtr^^^Wi^feU. 

[oi48] znmzk. $mm±zimLtii>c?>x-im 

ffi^«sK«E#1x{±?r- S v 7 £3: ^-f , 2 0 m AiM 

tiiztttx. $mtmmt : §:imLizi><ox'i±. mssm 

£E#1x{iiiM«T'^-- 5 -y ?14£^ L . 2 0 mAlf^f 



[0149] *iBPS±*«a»Lfct<OK:i3^r*&l4E 
Jt^mtS^i, ^y^'J K*Mr -v- UTS: h 

7 v 7° LT . S»BB*>* -v U Ti&gfr'iKT L tztztbX'b 
Ib^lhtlZ. o£ 0. ( 1 0 0) y>xMS(7)i 
•S-tciSWCfc. >f yrf 7 h«OJ«ft*|*ifcStiEUT. »7x 

*rr 4 z k (c <t o zmtrnzmmizmTx-z &zt 

fritz. 

[0150] (m4<7)9mcr>BM ) <XlZ. *W&M4 

v>mt&<?>Bmiz^xmw-t&. *mtmmn. 2^ 

&<?)x-zto&thzbiz£'otmmzfto r-tta zm. 
m-&£.iztmtt-?&. 

[0151] H8ii, ^mmsm^mm-thtz^w^ 
mx'h&. ~t%bt>, mftLtz^Tttijwmimmizm 
^x2ftcD*>*-/\A&isB*im~r&feiz^ *mi 

[ 0 1 5 2 ] las ( a ) s& ( b ) (i, *rnmmtz& 
hMEtimumzmthnx'*)*) . HH(c)Rr; 

[0153] ^f, tt«0W»/?>KW-& t . H8 ( c ) 
tCfiL/SMtfeViTtt. 2tSC0»7x-/\AS.l5"B{S N S 
iatttSt+*C)Si^yj 3<0±fc38B§frc& •) . 

t. ^x-^Aai^BJitBrt^sfcSifcff^T'^^ 

[0 1 54] H8 (d) fc«Lfc«(Cl3V^rtt» 

2«Cc7)»7x-^ASt/B{i % H-^tCS^^'J3at/J 

-frfoizmM-t h z. t tfwm t%<9, mmmm^>^ t'co 
r -fftj £®wmrt-&z\btfTZ-rizv*-j\&mtx 

[0155] c*uc*fLT. xmrnmizto^xte. m 

8(a) izmLfzXoiZ^ 2&CDTJ x-AASlAB^ 

i^J2tc«j:DJnap-ejDff-r-i>. ^x-^na^b 

®^ifL(f. »7x— >\e>— gj&frZ&mnE-t&Zblz 

4 <r t § 4 . lt, mmnmzw 0 

[0156] ^x-^O-gP^S-jDff-r^^fcJi. 
118 ( b ) (c^L/iJ: 5C, — ^rox^J l offMHW 
o^S-^x-^J; 0 Mn§< LT t^^.- iconic 

4* J . ?t*P{i. ^i-AA^yyj l#^g|5#W 
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C^ffitaSfl*. Z^MbLX. <>i-AARtfB 

[0157] jar. ^mmmcommmz^xmpn-t 

4. 

[0 158] (SS7*>3«tW) 09 (a) - ( d ) tt« 

$)■!>. 

[0 159] t-f. 09(a) CfcLfcJcdfc:, 
#fc:tti-4Xtr^x— ^Nfclis nIGaAsi«12i 
(CA-y 7rI18, nl? =7 v KB 1 4 , ffi&M 1 5 , 

P i; 77FH6, ts zvmm*rt-M 1 7«^» 

Mli. (JBRffMOCVD (Metal Organic Chemical Vap 
or Deposition) &I,Z£ ^l&tfLZtlh* 
[0 160] nSGaAsMl 2ii. 1MX>H;@2 

1 E 1 8/cm3 ^A-UraUKT-r-'-TSiXTiJOs $ 

1 8t£GaAsT\ JSSiiO . 5 jumT'$>&<> S±JI?) 
Siffi# J <—m I Hi 2 MW&T „ Tffltf 0 . 1 u mcOGaA 
sJl 1 7A, XWO . 2 ;umCT)InGaAlPJI 1 7 BX'fo 

[0161] x.^x.—j^ry^—Tkmmit 

'J ^KTInGaAlPtfA— jf 1 7 BfcX-yf-y^Lft. i 

cox ■/ f - y ^{iTOGaAsS l 7 A*caw Wfc±* 4 . & 

wt\ ^ajfcry^-n . &mt*m*i 5. 

( b ) iZTFrfX 0 TfiB<OGaAs^^*-S 1 7 A£Bfc* 
Lft. £Oft&ttM:« GaAs*A-117A*SB?W 

tcx - y rvr-th i>e>x\ swam* 't-m 1 7 a# 

[0162] &WC\ ftffi* 1 7 fcBftSLfcxK 
^x-^Nk, *Mt:J?$0.2^m, df^U TiUg2x 1 0 
1 8 cm- 3 <0«»KGaPJiSr«ft$-&/SGaPa«l 

1 bcowmmzn^. 09(c) iz^-tmrnfozn 

[0 163] ilStf*^t>r^akLT, GaPfflSl 1 

zftrnftmixikftL. ftmfcizimvxmmn&tm 
imzmzt. ttzmzx vi-x-m&ztt . * 

fc, xt^x-AlJiiL^MT^I*^'-! 1 7& 
lft*Lfcfifc, GaPlil 1 fcRtWcLTIWUMft**) 

[0 164] 4rJ3. »3SHfiJB«fc:l!BLTl(rifitfcJ:a 



jzm&MlZ&^X i> . xt^x-AfcGaPlSl 

1 k zztL^tomwbmffiam^&x. 0 

mWLXk&^ZklZ^otX'i**^. 
[0165] mz. ffiMaSrifcifcxtf^x-^fcXt 
?*l/*)Vmkmtf±3ilz?i:h X d fctfcgt . -e<7)±fc 
GaPill i£. Mffi^Tfa^KSr&ia^EU 
iliBTiSMr $ . GaP imwxb h Ktbmmw&z 

BMzXmmX^h. GaPlSll^xWi-Afc 
WMthb. xtr^x-Aj&SjEffi^TQ^K^^-ria 

tc^oT^s^s GaPisi 1 w+Aa&j&WBJtegs 

*R1 lWffliaai^m-oTJlK^Os lflWlfcGaP* 

mi i<omm<ow$si t )m#zm^X'kmti s ®mi*i. m 

OiEU ftl 5«0>£iMB*S:fT s flr'ofc. 
[0166] ffiSNS»^«k»XSk tt . ^ift-caatL 
T^61«Sf***Sa»# , F«9fc:A<iT 8 0 0rT«S£ 

[0167] »dJaWWi5arofc:3oK4rJt. Hftfc 

m%&fmm : J7'*mmvx}mLfi:. 
[0168] *m\<r>mmt txa. is(a) izm 

SofiDSr^T. ^xW^4»ifeaKf»tSrffSi.fc. 
i « ^VT'ti 5 1* b i> *7 x -v ^mtfimx § . "7 x - 

[0169] Jt^Ji: Lt, 08 ( c ) t^L^J: 3 
V*-'\$;¥-t>%*-XymzW£. ±izli^Z{> 

mrfizmmLffl&xmmzLtz. zairmxits®. 
<r>o-h 2mzmmizLx 3 ox^mt^^m^rt^ 

[0170] t, 3-o^)Jt«^Jt LT, 08 ( d ) tzM 
fskLtzXolz. Vx-^ZW-^X-tfyMXl&n; M 

tz„ mtitz^ x.-^i>isfox . v x.-'wmm&wwg 

L*#&WMif s titzz\bfrt>. ^x-vvoJSSA^y* 
5Stc J; %>%m<7)XV £ «RJRT'& Kfr^tzMfiWMX-fo -5 
[0171] JJLhRWtfcJ: 3C. 4^aB^JIR{c±ii 

[0172] ( m 5 c^mmcomm > . 5 
<D$mcr>&mbi,x. mtmfr&omzttvxmft&v) 
b&mmiG-t& ! mftft%m=?iz^xwLw-t&. -t 

l±, ^ 1 T'jSJM o^Jl^ffiicM LT L fcSKOS 
[0173] 4-f . a»s|QBgHllfc:«4iNIEfl5lB*»?k 
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-t*. hi o (a) *mmmz&&LEDe>m 
mffifS.z&rm&mx'b') . pih < b > (4. jts^jt l 

[0174] -t**^ ^•rtiitmwmmTb&Gzm 

&1 1±(C, ^77K114, vSttSl 5. 9=y», KJf 
1 6 Zft-h, ±TlZ'Bm 1 9 At 1 9 B fcRttfcLED"? 

CO 1 7 5] t&fc<7>LED(4. 01 0 (b) |C*LfcJ: 

CO 1 76] ClfL^LT, *3l«B»fc:*iVVCJi x 
1 5 Sr-trtflfJIft 1 OOSflf jgBJ?S« 1 1 J; *) 
Wv&V*. -fL-T. ^cDiatcvgttSl 5<7)®WSyh§< 
■TS i: . L E DOMBUg^lSLh-f £ • <Ic7)J: 5 

i>z<m.mcoMm&4^ < t l e D^»&#Lh#.&t8 

C 0 1 7 7 ] LED{±«»g$-^-r^ b T&AZtLtt* V 
Ttimm&LX¥&£t&. 110 (a)SV(b) 
LtlLEDOim-S. '&AZtltz*v U T(4? 7 <y KS 1 4 
ai/1 6tei*4*i.fciStt»l 5fcHt£*>4»*i.. 

C 0 1 7 8 ] ^^BtSJS-^JS^If^-J: 0 i> jXK^ 

J: 9. LED4>*l££_Bf l»<r fctfTS 
CO 1 79] U>>U ffcMM<0iif«£/h;3 % 

c o 1 8 o ] -r &;b*>. i^ofBiyiJiaeRfcib^TaE 

v >fc«> . aHRWafflH*LEDT«fBiyB*»i?>S«ffl!|fc:JSc 



9HSL»*. L*»U £^J:3#*»!B»KLEDT*# 
0£/Jn$ < -f & fc . «3iaWso±# J: 0 €>_b(ffiim«B 1 9 

Avmtiz £ hm. o aj lsw^to*-**** < * 9 . 
[0181] huw«*t\ wtnmmxDX'h^x . 

ML<^\ SBJ^^LEDT'Ji. 01 0 (a) t~^L 
l$r^iSL. TfflWSl.9BK:J:0Rlt$<i*. 

i: t t ^wJi* i o nmmizwvmffi. nous 

ioftma^s^Koaj-rii:*^**. zntzfr. 
mmtLxcnnmfoi oz4^<Lxi>mwLi \<m 

C 0 1 8 2 ] H 1 1 « N H10 tM^LJt i 3 ^r^S 
K$-*t"l> I nGaA 1 PILE D^tJ^T , f->y7"H 

ffi*$k-?77 7mx'$>&. -t^h-h. mw,±. GaPi 

^Srff*LT^fKL7t: I nGaA 1 PlLED^f-? 
T'SbO. -f - -y 7"-+M X(i 3 0 0 ^ m^f, ±{|]«|S^-f 
Xiil 2O/x0T j>l). 

[0183] ISJHfcyftLfeJ: 3 C I^I^SW^/jN^ 

< -r s t:oftT^§sjK{±ii± l , mmcoitmtf o . 3 
iz%&t. z&mmzitm 1 co^-^-o^ 1 . 2&tx-m 

flirf&. d<7)J;dt. 3SBj^§.^v^LED(cfc^T. 

[ 0 1 84 ] mz. *mmm<?>wm*<?>w&-m&7) 
mfomi,z-o^xmmt& . 

[ 0 1 8 5 ] hi 2atxH 1 3ti, *mmmmm#i 
mm?nmmm;(?>wmmtj:mmmwx'»> h . 

[0186] K^«^tt-ri>xe^x-^o«it{i, 
Hi 2 (a) fc^UtifcOT. GaAsltl 2«± 
t;, MOCVD£T'Xtl93*^982it^lS§ 
■£iZi><7)T*>&. Z\ZX\ nlGaAsitl2l±, it 
@2>f>f- % m$25 Oum. SiK-m*»J7i 
18(4151 e 1 8/cm3T\ ^®tt±ff^Sfe$^.T^ 
4. 3->v^WWkM9 3\$. InAlPT\JS$0. 
2wm. GaAs3y^^M94ll ffSO. 02^i 
mT\ ^^'JTSIS{41 e 1 8/cm3t*|,. InG 
aA 1 Pm^WM9 5(4. A 1 fflfigO. 3«InGa 
A 1 PT\ 1 . Sp.mX't> 0 . Nl^ 7 y KJ1 1 4 
(4, A lgiO. 6(7)1 nGaA 1 PX\ 0 . 6xt 
mt'M. ?ittil5li, A1«0. 130InGa 
A1PT. m$0. 4txmXfo&. PM^7 yKJ116 
(4. A1M0. 60 1 nGaA 1 PX\ U§0. 6^e 
mT$>4. I nGaP^«ji9 7(4. f^O. ljumt 
GaAs*A-l9 8 1(4. 0 . l//m s I 
nAIP*A'-i98 2(iI$0. 1 5wmT'*S. 
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[0187] mz. d^xtr^x-^tr^MvSffiWTa 
»U S«ltTT^-r 1 . iS^-fL*#*l 5<oa-^ 
?&fc««U GaAsltl2(0TKX7f^L 

xtf>x-/voSl{|iJ (HOJifll) 
lilnAl P#A-lf9 8 2T1I;b*lTV^<7)T\ X<y 

[0 188]^:. xh^i-^^S-K-^ffivStt^JTift 

#U:Sl 'j ymx-mmco i n a 1 p^-i9 8 2 £ 

1 . * 1 WIMTG a A s #A-Jf 9 8 1 £&kirt 
€>. I (OlMliSWCG a A s * A'-l* X 7 f > 

[0 189] <X^X\ ^ffi^^'-S^^L/^xh^x 

-AtGaP->x-Ai lcomwmmz^K hi 2 

[0 190] GaP^i-AB, m&2^y^-. m$2 

H<o«5U£in;£~Rf & £#>c . Gap mm izmwtmm * 

[0191] m3H*fe^JitMLTlriEt^J: 
xtltGaPlOifWrgj t rgj <r,HB 

± d izm%crfa&t>\iLltim~th i £ L 
[0 19 2] ESaS»tf>1MS«i: LT. GaP^7 

fc. iJtxh^i-^^a^^N'-S^l^t^f*. G 

[0193] mz. mwmzmz.ttWx-^zi.fa 

^tca#. WxCGaP^x-Ai 1 £\ «ffi**Ti*l 
StCSrii^K**. S»TW*S*fc. GaP^i- 

aii w3^&fcft**tR»&wrrs s . •> x 
^cr>^m-&mz^muz. tnt&mtt&wrc 
^x^mtfrnrnttz. 

[01 943 acoxmiza^xh. sSimtrnmizmL 
tzx 0 , » tn* mm Lxmmizim-tz> z t #-e# 1. . 

[ 0 1 9 5 ] ST . i£titi«O^X^h LX , SiST' 
^LT^I.^x-^^5^^-hCi:TTM^ ffilfc 

fSJtelB^ *H*Ui*»* 1 0%-£-t?T/I^>-C£> 
[0 196] xt^x-^GaAs^&l 25: 



m&mizmm l . g a a s wcx «y * y ^ u £ . 

dCOX-y^y^SI nA 1 PX-y^y^iLJBT'fflk-f 
5. tfCtvC. 7 0°Cf)U>'KT'Xv^y>/2:fi : V\ In 

a i p^y^yy&itm 9 3 fcaMRHOfc*-** - t 

J: 9 . HI 2 < c ) fcfttfctMlfktftt. 
[0197] ,1 iOHJlftcCDG a P*& 1 1 COMM 

(H+TH) C i(Au) /Zn^iti (Au ) j&» 
htc&WMl 9&ZWtf. GaAsny^?M94« 
Stffi (H*±dl> KHi, i(Au) /GeMtt (A 
u) 3&»^>!firS«SEl 9 A£t£tt£. *LT. PEP (ph 
oto-engraving process) t,z£*), ±ffl!|CDltt§l 9A£ 
3 0 0/zmtf «/f-t*a:^2 0 Ojum^R^lriJjDlU H 
13(a) *>«BB£»fc. 

[01983 Jfcfc:, %7t«c7)ffi«&3iH««c0ffi«J: 9 
/h$<-$-4fc*>fcU ilil9Am?t:Ux7f 
yytft^. Hi 3 (b) teatfcidfc. xt!94 
K97^X7fV/L-t, HZX\ GaAsXtl9 
4liTy*-Tb ffi&lkfcm*<?)M1}mx*J^ v+v? 
U InGaAlPIXti94-16hI nGaPX 
b°JS 97iiHBi — B rjKT'X -y i-y?"Lfz . 

[0199] *atC. HI 3 ( c ) (CflLfc: X 0 fc, « 
flEl 9A£iefil 2.0um(F>Vm\ l ZW*?-—y-?L^ 

LTH10 (a) tC«LfeaKftc0LEDf-yr*»3t. 
[0 20 0] ^rfc. HI 0 (a) (CtJWC. HI 3 

( c ) oxtreco— spji^n&tJt. 

[020l]W:, 4^HM<0S>k^3fe«i: LT . <7 
x-^if*t^coT^«^M«^'h§ < -TSlBi* 

-ri^BrffiHTfc-S.. 

[0 20 3] ±~f. HI 4 (a) ^-fi-pt. G a A 
sM12 cntXzmm t LTOWilfls 1 0 L/C 
xf ^dfx-^rt^x— yNSr^f ;«xWx-a 
t s mtli3 OOvmVvi-X-ffimizy'ls- isy 
^ffv\ HI 4 (b) C^Uciot, ItBlOO/z 
m, »;S2 0jumtf>iKG£Sttfc. 

[0204] ^(C, H 1 4 ( c ) tcaUfc J: 3 fc, G a 

[0205] H 1 4 ( d ) fc^Lfv: i o iC. G a 

Aslll 2^K^L. ±T£aS3*£UC*«l 9A 
tl9BJMtS. 

[0206] mm>ru- vr* isynzz. 

0. -jS«*CtC»o"C*F4Mt&ffV\ HI 4 ( e ) 
izm. LtzX O IZ L E D & >y T . 
[0 207] GaAsitn^iCMLtXt^x 
-VNhGaPii^l 1 £tg#-T!>i§-£\ GaAstG 

apt (mmmm^mzx <o mx^m. l . 

^0^. tAt'V^-tii^x-^OfigS^tS. 
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[0208] *mtmx-i&. mi 4 ( c ) izmttzx o 

lz . x — y \m^cnmzjL f >7 x -y ^HtciSGri^jft 
[0 2 09] ifc. ^x-MSrfiiiO^-tirSI^. 2ftO 

[o2io]^, iMommmxu. tmrnzzn,- 

*\ P E P-C'^x-^^E^y^-- » fc fcj; 

[02 1 1 3 mz. *mimm<?>¥mfa$£m?cr>$m. 
miz^xwm-h. 

[02123H15 tA, -^mmm^mm^im^cr) 
$mmzmtm&mx'$>z>. #^s>wc:b^ 

TfcL IBtJf f: t T<^mJi* 1 0 £±ffl!l«8i 1 9 A b B& 

[02133 z<7)mmTim%mt Lx<ommwi on 

±m$ tzikm Lfcffitnm 1 9 At-Kit tTS08a«? 1 

*\ 4 feUTfflws 1 9 b xKtt txmm 1 9 ati^ 

[02143 *3£mme$mm?&. 010 (a) <vm 
mm*, 010 ( b ) *>fl^fc««Bttfc:*3r*j£UL 

L E D <7)±®rt>£> K *) fcU $ ix & 1 6 t'il 

SttJf 1 5 ML itWtm^^XMb LTflUflU i<03t 
«3&»4>ftffi$ii3t36<W&4rtt, »£1 lfciStU Ttt 
tt&l 9BCJ:'9Rlt§^T±HS*^^lcBX , 9ai§ 

[02 1 53 LEDOfBftfcfliA. SSttJil 5Wy H 
«y TCfti £ . ? 5 -y KJf 1 4 . 1 6(4* A- D* TS: 

£<£?tclSU-$*iTi> , 5\ v§te«l 5*>£>o?BE£i&JK 
L2rn. L*»U $£ttfll 5gffc(4g£>IB£U:#£g 
a«yR"T*. tWWWItiaKrGaAsa^ 

? h«*4ni$rfc*^»i9 tu Ltttfrnwy* < x 
~$~ts. z\<r)&x\ m\ A\,zm^Ltz^mm.m\,im\xh 

[02163 01 .5«*ttt#*fc«>fc:tt. mutmi 

2~01 3(;aL^Igti5V^T. HI 3 (a) £flL 
fcUffil 9 A<7)1 HS^*:?— x>^£. il-3.( c ) 
<W-fXffifv\ ClcomSil 9 A£ LTfBftl 



[02 1 73 ifctt. ^W^i^rfttCioTtai 5 
i J:**T'# S . 01 6(4. 0 1 

mwisix'fo&. 

[0 2 1 83 t-T. 016 (a) (caudate. LE 
D±T^«®1 9Ai: 1 9B££jBfcftWsia % vn** 

[02 1 93 JRtC, ClOctatcLTft^tL^^-'yn;. 
016 (b ) izmLtzXolZ^ V^ft-W^^yf'fV 
^•t&„ f&i:. mail 9A(7)±fc(i. y^TWj&i^- 

[0 2 20 3 >I<7)^-;l^l 9C£VX?£ L 

T. ±{|)m®l 9Atl^ii:LT<7)Sil^l 0£x.y 
T-yfL. 016 (c ) t=«L^aBt3&«»4>^&. 

[022 1 3 JiUifBBJLfc^fciitlf . SJlf<sl Oco 

^v^f-yycomz, Tw&-frtxmmL$&6£-£x 
&<zti>x-z&. it*). mex=?*imzitx*<n 

-f&Zbi>T*2>. 

[02223 mz. *mtmmcoi> o wbicommmb 
Lxn^mtm^z^xmftth . 

[ 0 2 2 3 3 01 714. 4^ft£^*3M*ft9&3fcX 

[0 224 3 .TOffjili, GaP>)i-Al 1 ^i$*L 
T 0^ L=5: ^ G a A s *«2rMfRx 7 ^- yyxM *) 

tzm. mtn. 012 ( c )^0i6 (a) <Dtmx*. 
f£mmfrt>$&tmzmz.xwmM\ lcoiMtztx- 

[02253 ^msmco^m^iza^xii. 1 
5frbmwm&i nzxMLtzmi. mm. h&wn 
m<7)fr%MX'9\-mzm. o & $ tth mfx-% < . ^Bjam 

0 tt5 UHmim< . af^UtWtc J:*U5K»i« 1 1 eg 
M£fSH-£ 9. T^ROai LSWs*$ 4>(c^#T' 

[02263 01 7^tJt^!ltt3V^T{4. ^BJ»Kl 
J- VlMZTmznLX lS/h$ < LT***<, 2Sfc 

[02273 JjLh. &ftflfr*8B Loo. *^Hjcr)^ l 

[0 2 283 flUtf. gftS^i-A^^Mii, »ft 
^ffl^fc^fl^fOtfflt LT(4, GaAs^GaP 
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[ 0 2 2 9 ] 4fc. ^N»*ffe3*aS7- flfflMWBftfcovvc 

vS-ISS^MQW (multiple-quantum well) 1fjt 
fciRfflLfc<»0>**\ ?7 7Hlt:MQB (multiple-qua 
ntum barrier) £^Lfcfc^£fcoVVCt>|I|«fcai 

[02 30] S&K. *J6BH{4. LED^lCffi^SiX 
[02 3 1] 

[ 0 2 3 2 ] flp-fe, ^MHfc «k*Uf . MBSaNolWFi: 

[0 2 3 3] *5MBfcJ:iitf. LEDSrh'flftig 

[02343 ifc, *SMBfc «fc*Uf , ±5* LfcSMR&Sf 
[ 0 2 3 5 ] ifc. ^HJtcitLtf. ttflOJWfttfc* 

IS. 

[0 2 3 6] ifc. *f6WtC«t*Uf, 2tfec0^x-;\£ 

[ o 2 3 7 ] &tz. *muzMf. mwmncommi 

[0 2 3 8] *«WtcJ:*Uf. ^x-^ftSO^ 

^m^mmth^bx\ »*j:<±iE<oLED^«Ee 
tmwho. znmm. m^itumx-^^^i: 

[EfiB0>«*SrBMB] 

[HI ] ^S¥##£«tf>3l*fe<0-^ 
[02 ] ^BJlc^S^S^ft^OiSi^o 



CH3] ^^C^Sieilffl^lHWHeRWlBfc&St: 
fflv^ I nGaA 1 PflflwBWtltkB^jaRi:^ H 

m4i *wmzfrfr&mmm*mikmKCDwmiim<v 
m 3 <on^j z wrnt h wmwmx ■$> s . 

[05] #&9J^3S 3 W^WiZ a^s XScOS^f^ 
[06] 2mW£hAVd~, hfrhXyJ zZtltz* 
[07] ^Bco^rUTil^t^HStfifc^M^^a 

-e&s. 

[09 ] 09 ( a ) — ( d ) (2. *»0^JS73lttWtf> 

[0 1 o ] h i o ( a ) li. *%w<7)m5mimmizi& 
sled nrnmm j&z&twtmx'b o . rei < t> > 

ti. JtWJi:LTc7)fi!3ftcOLED<Oir®ffifiSc^*-r«fct: 
0-CfcSo 

[01 1 ] 01 o^w^Lfcid^riaweK^^rr* i 

nGaAl P^LEDCfcV^, f- -y zrWHLtttthft 

?mx°hh* 

[012] 5 soi^^N^a**^* 

[01 3] ifwm^5mmm<^mwmm^m 
&tm7m®zmtxmimmx'$>h . 

[014] ^x-^*£&fioT36^omf?vh$ 
< -T S^t*acoggPSr«-rxSBrffi0T-S> & . 
[01 5] f6MMfcLTtf>Wittl 0£±fflMSl 9 A 

&mx'hh<, 

[01 6] 01 5^Ltz^mw^3mT^wmf&(r> 
mu^m-ummmx-h h . 

[017] ®BS»K1 l<0fflBtegBSST*qWtS>*ifc 
[018] t^^cOSffifciSI nGaAl PnT1g3tLE 

d co-^j^^-rB&^nrffi0T'S> h . 

[019] 018t^-TLEDc7)^5feO^j(CJ:SMjt 
[^Ol&HJ!] 

I, 2, 100 InGaAllLED 

io mmfr 

II. 3 1, 9 1 GaP^x-A 

12, 32, 82, 92 GaAs^i-A 
3 3 zr.-y^~y7W±m 

14, 34, 84, 9 4 NS?7»/FJf 

15, 35, 85, 95 vStt® 

16, 36, 86, 96 PS? 5 -y KS 
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il 6] 



. — 



far I * 



/7//////77 




7ZZZZZ2. ZZa 





[JlffiB] ¥j£l 2^10fl 1 3B (2000. 1 0. 
13) 

[*ME1] 



(30) §2 001-57441 (P2001-57441A) 



[HI] [02] 




(c) 



[H31 















»* 




y 


InP ! 


All 3 


GaP 


(nm) 


GaAstCDtt 


(eV) 




1 


1.000 


0.000 


1 


0 


0 


0.5S68 


1 .0380 


1.35 ! 




2 


o.ooo 


1.000 


0 


1 


0 


0.5463 


0.9662 


2.43 


aipjm* 


3 


0.000 


0.000 


0 


0 


1 


0.5451 


0.9641 


2.26 


GaPm<* 


4 


0.500 


0.280 


0.5 


0.14 


0.3G 


0.5661 


1.0013 


1.83 


318*1 (2)(A) MB 


5 


U.500 


1.000 


0.5 


0.5 


0 


0.5665 


1 .0021 


1.89 


*m% (2KA) ♦ wKJI 


6 


0.500 


0.043 


0.5 


0.0215 


0.4785 


0.5060 


1 .001 1 


1.81 




7 


0.500 


0.700 


0.5 


0.35 


0.15 


0.5663 


1.0018 


1.87 




8 


0.500 


0.454 


0.5 


0.227 


0.273 


0.5062 


1.0015 


1.84 




9 


0.500 


1.000 


0.5 


0.5 


0 


0.5665 


1.0021 


1.89 




10 


0.490 


1.UO0 


0.49 


0.51 


0 


0.5661 


1.0014 


1.90 


mm \ 


11 


0.480 


1.000 


0.48 


0.52 


0 


0.5657 


1.0007 


1.91 


mm (2KB) 


12 


0.470 


1.000 


0.47 


0.53 


0 


0.5653 


1 .0000 


1.S2 


mm (2Kb) 


13 


0.460 


1.000 


0.46 


0.54 


0 


0.5649 


0.9992 


1.93 


S«*3(2)(B) 


14 


0.450 


1.000 


0.45 


0.55 


0 


0.5645 


0.9985 


1.94 


SSJfcJgS (2)(B) 


15 


0.440 


1.000 


0.44 


0.56 


0 


0.5641 


0.99 78 


1.96 


%%m (2)0) 


16 


0.430 


1.000 


0.43 


0.57 


0 


0.5637 


0.9971 


1.97 




17 


0.420 


1.000 


0.42 


0.58 


0 


0.5633 


0.99G4 


1.98 


**ks(2}c» 


18 


0.410 


1.000 


0.41 


0.59 


0 


0.5629 


0.9957 


1.99 


**** (2KB) 


19 


0.400 


1.000 


0.4 


0.6 


0 


0.5625 


0.9949 


2.00 


**»B(2)(B) 
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